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Highlights 
1.  Morphological, endocrine and behavioral effects of single motherhood on mothers are not 
well known. 
2.  We evaluated such effects in the monogamous, biparental California mouse. 
3.  Single mothers (SM) spent more time engaged in maternal behavior than paired mothers 
(PM).  
4.  SM had heavier livers and hearts, but smaller ovaries and uteri, than PM and non-breeding 
females. 
5.  SM had a flatter diel CORT rhythm and a smaller CORT stress response than non-breeding 
females. 
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Table 1. Results of Pearson correlations and paired t-tests comparing values for paired 
organ sizes. Positive t values indicate that left > right. Significant P values (P ≤ 0.016 
when modified for Adaptive False Discovery Rate and Cohen's d > 0.5 for pair-wise 
comparisons) are underlined. 
Organ Unit Transform









paired   
t-test
P of   




Triceps surae gram none 80 0.86 1.66E-24 1.11 0.270 0.066
Ovary gram none 79 0.77 5.77E-17 0.03 0.979 0.002
Adrenal gram none 80 0.82 1.85E-20 5.82 1.22E-07 0.392
Kidney gram none 80 0.93 1.44E-35 -1.99 0.0501 0.085
Femur gram none 77 0.78 6.66E-17 -1.13 0.263 0.086
Femur millimeter none 77 0.62 1.86E-09 0.17 0.868 0.017


























































Table 2. Results of ANCOVAs comparing three reproductive groups (non-breeding females, paired mothers, single mothers) under two housing 
conditions (standard cages, towered cages) with significant group differences. Significant P values (P ≤ 0.016 when modified for Adaptive False 
Discovery Rate and η2 > 0.06) are underlined. 
    Repro. Group  Housing Condition  Repro. Group *    Housing Condition
Measure Unit Transform  F D.F. P Partial eta squared  F D.F. P
Partial eta 
squared  F D.F. P
Partial eta 
squared
Open field:                                                   
number of fecal boli number none 4.50 2,80 0.014 0.101 0.62 1,80 0.433 0.008 0.26 2,80 0.769 0.007
Tail suspension:                                                   
number of fecal boli number none 3.14 2,77 0.049 0.075 0.10 1,77 0.752 0.001 0.23 2,77 0.796 0.006
Heart mass gram none 3.99 2,72 0.023 0.100 0.07 1,72 0.790 0.001 0.46 2,72 0.635 0.013
Liver mass gram log10 8.55 2,72 4.68E-04 0.192 0.32 1,72 0.573 0.004 0.18 2,72 0.835 0.005
Triceps surae mass                            
(mean of left and right) gram rank 5.25 2,69 0.008 0.132 0.12 1,69 0.732 0.002 0.30 2,69 0.745 0.008
Ovary mass                                        
(mean of left and right) gram **0.5 6.96 2,71 0.002 0.164 0.01 1,71 0.932 1.02E-04 0.39 2,71 0.681 0.011
Uterus mass gram log10 5.85 2,71 0.004 0.141 0.75 1,71 0.390 0.010 0.22 2,71 0.807 0.006
Stomach mass gram none 6.53 2,69 0.003 0.159 1.33 1,69 0.252 0.019 0.59 2,69 0.557 0.017
Caecum mass gram log10 5.78 2,69 0.005 0.144 0.26 1,69 0.610 0.004 1.47 2,69 0.236 0.041
Large intestine mass gram none 5.51 2,69 0.006 0.138 0.18 1,69 0.677 0.003 1.84 2,69 0.166 0.051












































Postpartum body mass 4 gram none 3.20 2,78 0.046 0.076 1.20 1,78 0.276 0.015 0.98 2,78 0.378 0.025
Postpartum lean mass                                                   
(mean of lean masses 1-
4)
gram **0.5 3.69 2,81 0.029 0.083 0.47 1,81 0.495 0.006 1.98 2,81 0.145 0.047
Postpartum lean mass 2 gram rank 11.20 2,80 0.003 0.134 0.96 1,80 0.763 0.001 0.36 2,80 0.345 0.026
Postpartum lean mass 3 gram **0.5 7.43 2,80 0.001 0.157 1.33 1,80 0.252 0.016 0.64 2,80 0.530 0.016
Percent fat mass 2 percent rank 4.48 2,80 0.014 0.101 0.01 1,80 0.947 5.60E-05 1.47 2,80 0.235 0.036
Percent fat mass 3 percent rank 3.64 2,79 0.031 0.084 0.09 1,79 0.771 0.001 2.25 2,79 0.112 0.054
Percent lean mass 2 percent rank 5.15 2,80 0.008 0.114 0.00 1,80 0.975 1.20E-05 1.45 2,80 0.242 0.035












































Table 3. Results of ANOVAs comparing pups reared by single mothers and paired mothers in the two housing conditions (standard cages, towered 
cages).
    Repro. Group  Housing Condition  Repro. Group *    Housing Condition
Measure Unit Transform  F D.F. P Partial eta squared  F D.F. P
Partial eta 
squared  F D.F. P
Partial eta 
squared
Litter size at weaning pup none 1.41 1,55 0.239 0.025 0.12 1,55 0.732 0.002 0.01 1,55 0.937 1.14E-04
Pups' age of eye 
opening                      
(eye opening of the 
first pup of the litter)
day none 0.23 1,55 0.635 0.004 0.20 1,55 0.658 0.004 0.69 1,55 0.411 0.012
Pups' fat mass                                    
(mean of all pups in 
litter)
gram log10 0.15 1,51 0.704 0.003 1.28 1,51 0.263 0.024 1.09 1,51 0.302 0.021
Pups' lean mass                                   
(mean of all pups in 
litter)
gram none 0.56 1,51 0.458 0.011 1.94 1,51 0.169 0.037 0.25 1,51 0.618 0.005
Pups' percent fat mass                                   
(mean of all pups in 
litter)
percent log10 0.03 1,51 0.859 0.001 0.23 1,51 0.637 0.004 0.86 1,51 0.359 0.017
Pups' percent lean 
mass                                   
(mean of all pups in 
litter)
percent rank 0.01 1,51 0.923 1.85E-04 0.94 1,51 0.336 0.018 0.46 1,51 0.503 0.009
Pups' body mass                                                   
(mean of all pups in 
litter)
gram none 1.14 1,53 0.290 0.021 3.11 1,53 0.084 0.055 0.28 1,53 0.600 0.005
Pups' body mass                                                   
(total body mass of 
litter)












































Supplementary Table 1. Results of ANCOVAs comparing the three reproductive groups (non-breeding females, paired mothers, single mothers) in 
the two housing conditions (standard cages, towered cages). Significant P values (P ≤ 0.016 when modified for Adaptive False Discovery Rate and 
η2 > 0.06) are underlined. 
    Repro. Group  Housing Condition  Repro. Group *    Housing Condition
Measure Unit Transform  F D.F. P Partial eta squared  F D.F. P
Partial eta 
squared  F D.F. P
Partial eta 
squared
Novel object:                                                  
latency to approach object second rank 0.68 2,81 0.510 0.016 0.21 1,81 0.648 0.003 0.12 2,81 0.890 0.003
Novel object:                                                    
bouts of approaching 
object
number **0.5 0.04 2,81 0.966 0.001 1.08 1,81 0.303 0.013 0.54 2,81 0.584 0.013
Novel object:                                                     
duration of immobility second log10 1.20 2,81 0.312 0.054 0.20 1,81 0.658 0.005 0.51 2,81 0.603 0.024
Novel object:                                
durations of sniffing and 
touching object
second log10 0.85 2,81 0.430 0.021 0.32 1,81 0.574 0.004 1.15 2,81 0.323 0.028
Saccharine preference 
(proportion of total fluid 
consumption)
proportion none 0.39 2,80 0.678 0.010 4.87 1,80 0.030 0.057 1.44 2,80 0.243 0.035
Open field:                                                   
number of crossing bouts number log10 0.86 2,74 0.427 0.047 0.15 1,74 0.702 0.005 0.27 2,74 0.766 0.001
Open field:                                                   
duration in outer region second rank 0.02 2,73 0.978 0.001 0.04 1,73 0.845 0.001 1.50 2,73 0.230 0.039
Open field:                                                   
duration in inner region second **0.5 0.27 2,74 0.762 0.007 0.29 1,74 0.592 0.004 1.52 2,74 0.225 0.039
Open field:                                                   
distance traveled in outer 
region












































Open field:                                                   
distance traveled in inner 
region
meter **0.5 0.27 2,68 0.767 0.007 0.23 1,68 0.637 0.003 0.13 2,68 0.882 0.004
Open field:                                                   
total distance traveled in 
inner and outer regions
meter none 1.32 2,71 0.274 0.036 0.39 1,71 0.535 0.005 0.01 2,71 0.988 3.50E-04
Open field:                                                   
number of fecal boli number none 4.50 2,80 0.014 0.101 0.62 1,80 0.433 0.008 0.26 2,80 0.769 0.007
Open field:                                                   
number of urine pools number **0.5 0.41 2,80 0.665 0.010 0.58 1,80 0.447 0.007 0.20 2,80 0.822 0.005
Tail suspension:                                                   
duration of mobility minute none 0.51 2,81 0.602 0.013 0.07 1,81 0.793 0.001 0.14 2,81 0.869 0.004
Tail suspension:                                                   
number of fecal boli number none 3.14 2,77 0.049 0.075 0.10 1,77 0.752 0.001 0.23 2,77 0.796 0.006
Heart mass gram none 3.99 2,72 0.023 0.100 0.07 1,72 0.790 0.001 0.46 2,72 0.635 0.013
Liver mass gram log10 8.55 2,72 4.68E-04 0.192 0.32 1,72 0.573 0.004 0.18 2,72 0.835 0.005
Spleen mass gram log10 0.22 2,72 1.526 0.041 0.73 1,72 0.125 0.002 0.85 2,72 0.166 0.005
Triceps surae mass                            
(mean of left and right) gram rank 5.25 2,69 0.008 0.132 0.12 1,69 0.732 0.002 0.30 2,69 0.745 0.008
Ovary mass                                        
(mean of left and right) gram **0.5 6.96 2,71 0.002 0.164 0.01 1,71 0.932 1.02E-04 0.39 2,71 0.681 0.011
Uterus mass gram log10 5.85 2,71 0.004 0.141 0.75 1,71 0.390 0.010 0.22 2,71 0.807 0.006
Adrenal mass                                      












































Kidney mass                                        
(mean of left and right) gram none 0.28 2,72 0.759 0.008 0.00 1,72 0.960 3.50E-05 0.53 2,72 0.590 0.015
Stomach mass gram none 6.53 2,69 0.003 0.159 1.33 1,69 0.252 0.019 0.59 2,69 0.557 0.017
Caecum mass gram log10 5.78 2,69 0.005 0.144 0.26 1,69 0.610 0.004 1.47 2,69 0.236 0.041
Large intestine mass gram none 5.51 2,69 0.006 0.138 0.18 1,69 0.677 0.003 1.84 2,69 0.166 0.051
Small intestine mass gram log10 4.54 2,69 0.014 0.116 0.51 1,69 0.477 0.007 0.43 2,69 0.656 0.012
Femur mass                                      
(mean of left and right) gram none 0.00 2,67 0.999 2.60E-05 0.01 1,67 0.928 1.22E-04 0.25 2,67 0.783 0.007
Femur length                                      
(mean of left and right) millimeter none 0.96 2,70 0.386 0.027 0.95 1,70 0.333 0.013 0.17 2,70 0.844 0.005
Foot length                                       
(mean of left and right) millimeter none 0.49 2,69 0.617 0.014 0.38 1,69 0.538 0.006 0.15 2,69 0.862 0.004
Tail length millimeter none 0.40 2,70 0.671 0.011 1.93 1,70 0.169 0.027 0.79 2,70 0.460 0.022
Postpartum body mass                                                   
(mean of body masses 1-5) gram none 0.79 2,80 0.459 0.019 0.54 1,80 0.464 0.007 1.40 2,80 0.253 0.034
Postpartum body mass 1 gram log10 0.60 2,76 0.554 0.015 0.22 1,76 0.645 0.003 1.29 2,76 0.282 0.033
Postpartum body mass 2 gram none 0.22 2,79 0.801 0.006 0.10 1,79 0.757 0.001 1.63 2,79 0.203 0.04
Postpartum body mass 3 gram none 2.18 2,81 0.120 0.051 1.55 1,81 0.216 0.019 1.67 2,81 0.195 0.040
Postpartum body mass 4 gram none 3.20 2,78 0.046 0.076 1.20 1,78 0.276 0.015 0.98 2,78 0.378 0.025












































Postpartum fat mass                                                   
(mean of fat masses 1-4) gram rank 1.06 2,81 0.353 0.025 0.09 1,81 0.766 0.001 2.20 2,81 0.117 0.052
Postpartum fat mass 1 gram rank 1.38 2,76 0.258 0.035 0.10 1,76 0.749 0.001 0.65 2,76 0.526 0.017
Postpartum fat mass 2 gram rank 2.82 2,80 0.066 0.066 0.00 1,80 0.996 3.39E-07 2.22 2,80 0.115 0.053
Postpartum fat mass 3 gram rank 1.89 2,80 0.158 0.045 0.03 1,80 0.874 3.20E-04 2.28 2,80 0.109 0.054
Postpartum fat mass 4 gram rank 1.74 2,73 0.183 0.046 0.05 1,73 0.830 0.001 3.02 2,73 0.055 0.077
Postpartum lean mass                                                   
(mean of lean masses 1-4) gram **0.5 3.69 2,81 0.029 0.083 0.47 1,81 0.495 0.006 1.98 2,81 0.145 0.047
Postpartum lean mass 1 gram rank 2.52 2,76 0.087 0.062 0.08 1,76 0.772 0.001 1.16 2,76 0.321 0.029
Postpartum lean mass 2 gram rank 11.20 2,80 0.003 0.134 0.96 1,80 0.763 0.001 0.36 2,80 0.345 0.026
Postpartum lean mass 3 gram **0.5 7.43 2,80 0.001 0.157 1.33 1,80 0.252 0.016 0.64 2,80 0.530 0.016
Postpartum lean mass 4 gram **2 2.31 2,73 0.106 0.06 0.01 1,73 0.912 1.69E-04 1.37 2,73 0.260 0.036
Percent fat mass                                                   
(mean of percent fat 
masses 1-4)
percent rank 2.96 2,81 0.058 0.058 0.39 1,81 0.532 0.532 1.71 2,81 0.187 0.187
Percent fat mass 1 percent rank 1.66 2,76 0.197 0.042 0.06 1,76 0.809 0.001 0.48 2,76 0.621 0.012
Percent fat mass 2 percent rank 4.48 2,80 0.014 0.101 0.01 1,80 0.947 5.60E-05 1.47 2,80 0.235 0.036
Percent fat mass 3 percent rank 3.64 2,79 0.031 0.084 0.09 1,79 0.771 0.001 2.25 2,79 0.112 0.054
Percent fat mass 4 percent rank 1.35 2,72 0.265 0.036 0.25 1,72 0.620 0.003 2.11 2,72 0.129 0.055
Percent lean mass                                                   
(mean of percent lean 
masses 1-4)












































Percent lean mass 1 percent rank 0.22 2,75 0.804 0.006 0.01 1,75 0.918 1.41E-04 0.46 2,75 0.635 0.012
Percent lean mass 2 percent rank 5.15 2,80 0.008 0.114 0.00 1,80 0.975 1.20E-05 1.45 2,80 0.242 0.035
Percent lean mass 3 percent rank 2.79 2,79 0.068 0.066 0.12 1,79 0.733 0.001 1.77 2,79 0.177 0.043











































Day of Expt. Test Day Time Procedure(s)
~ -59   Vasectomize NB males
~ -45   Pair formation; move half of pairs to climbing cages
~ (-29)-(-24)   Vasectomize SM & PM males; move all pairs to divided cages for 1 week
0   Birth
1  09:00-10:00 h Remove SM fathers 
3 1 14:00-16:00 h Body composition
6 2 04:00 h Blood sample (basal CORT)
9 3 20:00 h Blood sample (basal CORT)
12 4 14:00-16:00 h Novel-object test; body composition
14 5 20:00-22:00 h Behavioral observation
15 6 19:00-23:00 h Saccharine preference test
17 7 14:00-16:00 h Behavioral observation
18 8 14:00-16:00 h Open-field test; body composition
20 9 8:00-10:00 h Behavioral observation
21 10 12:00 h Blood sample (basal CORT)
23 11 2:00-4:00 h Behavioral observation
24 12 11:30-12:35 h Tail-suspension test; blood collection (post-stress CORT), body mass
26 13 14:00-16:00 h Body composition
27 14 14:00-16:00 h Dissection
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